The subjects sat in a chair with the trunk held by a set of belts. The shoulder and elbow joints were free and the wrist was encased in a brace. They were instructed to draw with an electric pen as fast and accurately as possible a series of geometric figures on a graphic tablet interfaced with a microcomputer. The geometric figures were triangles and squares of different amplitudes (24 and 48 cm perimeter) and were marked on the graphic tablet only by the vertices. After a few practice movements 15 single trials for each geometric figure were collected.
Patients with Parkinson's disease perform ballistic movements slowly at proximal' 2 and distal3 joints. Hallett and Khoshbin2 who studied elbow movements, have observed that in normal subjects flexion movements were performed with a single triphasic EMG pattern while in patients with bradykinesia the movement required additional cycles of alternating EMG bursts in the biceps and triceps muscles. These abnormalities are present also in movements performed without postural support.3 The mechanisms responsible for the bradykinesia are not clear. Using electrical stimulation of the motor cortex through the scalp, the excitability and conduction velocity of the corticospinal pathway proved to be normal in bradykinetic patients.4 An explanation can be that in bradykinetic patients the movement signal delivered to the motor cortex is defective.
In this paper we report a study of ballistic arm movements involving the shoulder and elbow joints. The trajectory, the movement duration and the EMG activity from two pairs of agonist and antagonist muscles have been analysed to test whether Parkinsonian patients can plan and perform accurately complex trajectories.
Material and methods
The study was performed on 12 patients with Parkinson's duration varied from 1 to 10 years. All the patients had a moderate to severe degree of bradykinesia and rigidity. A moderate tremor at rest was present in six patients. All the patients were under different drug treatments. The results were compared with a group of 10 age-matched normal controls (mean age 50 + 10 years, range 30 to 60) with no history of neurological disease.
The subjects sat in a chair with the trunk held by a set of belts. The shoulder and elbow joints were free and the wrist was encased in a brace. They were instructed to draw with an electric pen as fast and accurately as possible a series of geometric figures on a graphic tablet interfaced with a microcomputer. The geometric figures were triangles and squares of different amplitudes (24 and 48 cm perimeter) and were marked on the graphic tablet only by the vertices. After a few practice movements 15 single trials for each geometric figure were collected.
The x and y coordinates of the movements were directly obtained by the computer activated by the electric pen. The electromyographic activity of pectoralis major, posterior deltoid, biceps and triceps muscles was recorded by means of surface electrodes placed over the belly of the muscles, full wave rectified and integrated. The EMG activities and the x and y coordinates of the movements were recorded on a photographic paper and stored in a magnetic tape (Honeywell 5600c). The accuracy of the movements at the vertices of the geometric figures was computed measuring the distances between the targets and the actual position reached by the subjects. In addition, the area of accuracy at each vertex of the figure was delimited including all the vertices reached by the subjects during the execution of 15 trials. The time necessary to draw the full figures (movement time) and the time spent at each vertex (pause) were measured. The number of the EMG bursts in the four muscles was measured by visual inspection. Student's t test (unpaired) accuracy than that observed in the normal subjects (fig 2) . There was also less variability and less overshooting than normal subjects.
The segments of the triangles and squares were executed with trajectories which were roughly straight in the patients (fig 1) and more curvilinear in the normal +5.85 subjects (fig 3) . + 2.83
The time employed to draw the figures was prolonged in comparison with normal subjects (table 1),  3 and the duration of the pauses at the vertices was also longer (table 2) . There were no differences in accuracy and velocity of performance between tremulous and nontremulous Parkinsonians.
The electromyographic activity was characterised, in normal controls, by a pattern of EMG bursts in the agonist and antagonist muscles whether the emphasis was on speed or accuracy (fig 3) 
Discussion
The Parkinsonian patients were able to reach accurately and with roughly straight trajectories the vertices of a geometric figure. In addition, the variability of the end points was less than in normal subjects. The tendency to move the hand along straight pathways has been described in normal subjects during the execution of ballistic arm movements5 6; when the velocity of the movements increased the trajectory assumed a more curvilinear shape, and the variability at the end points increased.6 Thus the tendency to follow straight lines and the relative constancy at the end points of Parkinsonian patients may be due to the slowness of the movement. The time employed by the patients to draw the figures was prolonged in comparison to normal subjects. In conclusion a difficulty in performing complex fast arm movements involving two joints is present in Parkinson's disease. The first agonist burst which normally provides the impulsive force for the movement is inadequate and followed by compensatory multiple bursts, and this slows down the execution of a simple ballistic movement. The slowing is such that the movement cannot any more be considered ballistic. In fact the velocity of execution allows corrections by ongoing activity. In addition while normal subjects can select between different motor strategies during complex trajectories, Parkinsonians can only utilise slower and more accurate ones. The delay between successive segments of complex trajectories is increased suggesting that there is also a difficulty in switching from one motor programme to the next. Our hypothesis is consistent with the conclusions reached by Bloxham et al'0 that in Parkinson's disease there is a difficulty in selecting and initiating motor plans.
